excluding the Thernoplasma genus, which may not belong in this group (34) , have been described as possessing quinones and cytochromes and are capable of oxidative phosphorylation (32) . These latter reports supported our opinion that some Mollicutes might also contain ironsulfur proteins, proteins where sulfur is a ligand of iron. There are many different iron-sulfur proteins. They are found in microbes, plants and animals, possibly in all cells, and are involved in biological oxidation-reduction, hydroxylation reactions, and nitrogen fixation (7, 18, 35) . Ironsulfur proteins are specifically identified by their characteristic electron paramagnetic resonance spectra, and most of them contain acid-labile sulfide, i.e., they release H2S upon acidification (17) . In those nonsulfur proteins which contain acid-labile sulfide, the molar iron/sulfide ratio is 1 (3, 17 G21, p. 80) . These results required reexamination because the absence of cytochromes and iron-sulfur proteins would be a major taxonomic characteristic of the class and metabolically distinguish these organisms from many chemoheterotrophic bacteria. Our purpose was to determine whether cytochromes and acid-labile sulfide are present in Mollicutes and to examine the respiration-associated components of these wall-less procaryotes.
MATERIALS AND 4 -8416, American Instrument Co.) for low-temperature analysis. Spectral scans were either difference spectra (reduced samples minus oxidized samples) or direct spectra (reduced or oxidized samples minus GPB). Beef heart mitochondria suspensions were used as a biological standard for comparison. Our examination of the mycoplasmal spectra for microbial-type cytochromes followed the procedures of Smith (27) .
Chemical assays. (i) Total iron. Total iron was determined by a slight modification of the procedure of Brumby and Massey (2). We were able to detect 1.8 nmol of iron per assay.
(ii) Acid-labile sulfide. Acid-labile sulfide was determined by the procedure of King and Morris (14) . The assay was modified by increasing the 1-min room temperature incubation in zinc acetate-NaOH to 5 to 30 min with frequent blending with a Vortex mixer. Absorbance was determined at 670 nm. Sodium sulfide (Fisher Scientific Co.) titrated by standard iodometric methods was used as a reference standard. Cysteine served as a negative control. We were able to detect 2.5 nmol of acid-labile sulfide per assay.
(il) Protein assays. The protein content of beef heart mitochondrion suspensions was determined by the biuret procedure (5) . All other protein assays were performed by the method of Lowry et al. (16) .
Materials. Fresh beef heart mitochondrion suspensions were generously supplied by G. P. Brierley, The
Ohio State University, Columbus (12) . Type V ferredoxin isolated from Clostridiumpasteurianum (lot no. 78C-850 and 89C-6860) was purchased from Sigma Chemical Co. RESULTS Figure 1 illustrates typical direct spectra ofM. arthritidis 07, M. pulmonis JB, M. pneumoniae FH, M. arginini G230, and A. laidlawii B-PG9 membrane fractions. The M. arthritidis, M. pulmonis, and M. arginini spectra are similar in that they possess absorption peaks at 444 to 446, 471 to 472, and 504 to 505 nm. The M. pneumoniae spectrum, at 0.9 or 1.8 mg of membrane protein per ml, did not reveal any prominent absorption peaks. A. laidlawii membranes have a distinctly different direct spectrum, with absorption peaks at 426, 452, 484, and 522 nm. The A. laidlawii spectrum has a ignificant trough at 470 nm, which is approximately the same wavelength as the maximum peak detected in M. pubnonis, M. arthritidis, and M. arginini. These findings were confirmed in three to six different membrane and whole-cell preparations obtained from each organism.
Examination of the difference spectra of dithionite-reduced minus 02-oxidizing membranes or whole-cell preparation of M. arthritidis 07, M. pulmonis JB, and M. pneumoniae FH indicated no evidence of any a-, f8-, or Soret band cytochrome absorption peaks at maximum spectral sensitivity (data not shown).
The difference spectra (Fig. 2 ) of dithionitereduced minus 02-oxidized membranes of six Acholeplasma species are similar. There is no 'evidence for any cytochrome pigments at maximum spectral sensitivity. All spectra had peaks at 403 to 410 and 462 to 469 nm, and all spectra but that of A. granularum had a peak at 432 to 434 nm. A. laidlawii B-PG9 spectra also had peaks at 491 and 510 nm. All spectra had troughs at 384 to 392 and 446 to 451 am. The assignment of wavelengths is accurate to 2 am. The difference spectra show "negative" absorbance between 380 to 480 am that are relatable to flavins (26) . The differential absorbances we observe are "negative" because flavins characteristically "bleach" upon dithionite reduction and are less absorbent than the oxidized reference samples. Similar results were obtained for whole-cell preparations of all of these acholeplasmas and when NADH was the reductant of membrane preparations of A. laidlawii B-PG9 (data not shown). The peak near 365 am is due to dithionite. fold, in the iron/acid-labile sulfide ratio of membranes from the Mycoplasma compared with membranes from the Acholeplasma spp. This was an apparent reflection of the differences in iron content.
The lowest molar iron/acid-labile sulfide ratio found in the Mollicutes was 5.0, whereas with the control preparations of beef heart mitochondna and C. pasteurianwun ferredoxin, the ratios were about 1.07 (theoretical 1).
There was no significant difference in the iron content of whole celLs and membranes of A. A comparison of these data from three Acholeplasma spp. with data from three Mycoplasma spp. (Table 1 ), all grown with 3% horse serum, indicated that the amount of iron in whole celis did not differ significantly between the two genera, whereas the amount of iron in their membrane fractions was different (P < 0.05).
These data suggest that the amount of iron in the membranes of Acholeplasma spp. is greater than in the three Mycoplasma spp. regardless of whether the organims were grown with 0.5 or 3.0% horse serum in the medium. The concentration of acid-labile sulfide detected in the Mollicutes fractions was less than one-fifth of their iron content.
DISCUSSION
Low-temperature difference spectroscopy was our method of choice for the detection of cytochrome pigments because of the sensitivity of the assay and the pronounced sharpening and intensification of the absorption bands at liquid nitrogen temperature (4) . Glycerol was used as the solvent because it is nondestructive to hemoproteins (13) .
The absence of detectable cytochrome pigments may be relatable to the composition of the growth medium or due to a nonoptimal PO2 (25) . However, M. arthritidis 07 or A. laidlawii B-PG9 did not produce detectable cytochrome (2) (5) 1.07± 0.41 (3) (4) 0.66± 0.17 (4) (4) 0.21 ± 0.09 (4) (4) 0.82 ± 0.72 (4) (3) 0.92 ± 0.25 (3) (3) 0.36 ± 0.11 (3) (4) 0.50 ± 0.12 (3) (4) 0.32 ± 0.10 (4) (4) 0.30 ± 0.16 (3) (4) 0.42 ± 0.04 (3) (5) 0.81 ± 0.40 (8) (3) 0.60± 0.11 (3) 0.85 (1) (2) 0.81 ± 0.23 (4) (2) 0.61 (2) (2) 0.88 ± 0.64 (3) (4) 0.82 ± 0.79 (3) (2) 0.20 (1) 0.21 ± 0.81 (3) (2) f Iron and acid-labile sulfide values for fresh beef heart mitochondria are reported as nanomoles per milligram of biuret protein ± standard deviation; in parentheses is the number of different batches assayed. Each batch was assayed three to six times. The amount of fresh beef heart mitochondria used in all assays was 1 to 7 mg (as biuret protein).
Each lot was examined in quintuplicate. Molecular weight, 6,000 (7). (31) .
Using 10 mg (as protein) of whole cells, we were also unable to detect reduced pyridine hemochrome in M. arthritidiw 07, M. pneumoniae, and A. Iaidlawii B-PG9 grown with sparging by the technique of Rieske (24) (unpublished data).
The direct spectra of the oxidized membranes of three Mycoplasma species are quite different from those of A. laidlawii (Fig. 1) . The differences may have taxonomic value. The negative spectral scan of M. pneumoniae may be attributable to low levels of membranes analyzed (Fig.  1) ; scans of more concentrated preparations (1.8 mg of protein per ml) were similarly blank.
It has been reported that considerable quantities of iron were incorporated into the membrane fraction of Mycoplasma capricolum (1). We were unable to localize iron in the three Mycoplasma species examined because we could not concentrate the mycoplasmal supernatant fractions by lyophilization; however, the data suggest that there may be some localization of iron in the membrane fractions. In the Acholeplasma species, we could not interpret the data to indicate any localization pattern for iron. Jinks and Matz found 5.0 nmol of iron per mg of membrane protein inA. laidlawii (ATCC 14192) (11) . Our results are in close agreement as we found 4.9 ± 1.4 nmol of iron per mg of membrane protein in A. laidlawii B-PG9. In our controls, the iron content was (in nanomoles of iron per milligram of protein): 952 ± 172 nmol for type V C. pasteurianum ferredoxin and 7.56 ± 2,2 nmol for beef heart mitochondria. These values were close to the reported values of 830 (15) In general, the absolute amount of acid-labile sulfide we detected in Mollicutes fractions was low, close to our limit of detection. The low recoveries were probably due to minimal or even inadequate sample sizes, s16 mg of dry weight, but it is also possible that the sulfide was extruded from the protein during preparation (17) . It is less likely that these organisms contain an iron-sulfur protein like rubredoxin which lacks acid-labile sulfide (3). In our controls, the acidlabile sulfide content was (in nanomoles of acidlabile sulfide per milligram of protein): 810 ± 44 nmol for type V C. pasteurianum ferredoxin and 6.98 ± 0.81 nmol for beef heart mitochondria. These values were near the reported values of 730 nmol (15) (32) . Excluding the wall-less obligately acidophilic and thermophilic Thermoplasma, the evidence supports the adoption and expansion of VanDemark's concept. We now suspect that members of the Class Mollicutes may lack quinones and cytochromes and are, in this regard, metabolically homogeneous and similar to the cytochromeless facultative anaerobic clostridia and lactic acid bacteria.
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